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3CI£JfTI?IC Ü31 OF 

H. K. Kallmannf
# W. I. Kellogg» R. Rapp, S. M. Greenfield 

Tht RAID Corporation, Santa Monica, Caiiiornia, U.S.A. 

Profeeaor Sydney Chapman ha© giren a ieeorlptlon la 

Matura on Auöuat ll%  1^53» and January d» 1*55 i of tne 

aciantific efforte wnich ara being made by ecae forty natlona 

fur tha Intarnatlonal G#ophyaioal Tear (IQX)  to be hall in 

1957-53.  Since tha Spaoial Coacittee for tha IOY of tna 

Intarnatlonal Council of Soiantific Unions at ita meeting in 

Roaa in September, 1954• reconjLanied tha uaa of a email 

earth-oirclin* aatallita rehicle for baalc aoientiflt 

cbeerrationa, tha problem haa bean brought oloaar to wor*ere 

in varioua fialde of eciance. Tha announcement of Preaideat 

Eiaenho*er on July 291 1955 * of plana in tha 0.3.A. for tna 

construction of an aarth aatallita rahlcla for uaa during 

tht IGT *aa enthueiaatioally received by aoijntiate all over 

the *orld. 

The aatallita project la programmed by tha 0. S. 

Rational Committed for the International Geophyjioai Year. 

Th* National CoruLittaa, whoae maouere oonaiat ox" aoiantiata 

from unireraitiee and otner learned institution*, haa oeen 

appointed by the National Aoademy of Sclenoea of tna United 

Statea.  Financial aupport for tna acientifio program la 

Condultant to The RAND Corporation} member of tna 
Institute of Gaophyaioe, Unlvjraity of Caiiforniaf 
Loa Angelea. > 
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provided by Congress through the National Science foundation 

as the appropriate Government agency Tor sponsoring baslo 

rasearch.  The De,artü«nt of Der«ii»« #111 give tu« nsosss&ry 

logistic support« 

Some of the reasons for tne universal intsreet in 

this project «111 bt apparent from tills paper, *hich give» 

a aesorlptlon of the more Important observations which can 

be made from an artificial satellite, and discusses tns 

useful application of these observations to scientific 

problems. 

Apparatus used by scientists for observing from tns 

ground ths upper reaches of our atmoephere, our planetary 

system, and the galaxies have almost reaoued their u*per 

limit for else and oapaclty beoauss of ths physical limita- 

tions Induced by the ever-present atmosphere. 

However, above the earth's atmospnere, at an altitude 

of 300 to 300 miles, ths effect of the atmosphere Is 

practically negligible.  For example, Spitser,* ' of tue 

Department of Astronomy at Prlnoston, has calculated that 

a 40-inch telescope flo«n at 5o0  miles altitude could 

reeolve objects that are only one-tenth as large as the 

smallest object «hich the «>00-inch telescope operating from 

the ground can no* resolve. 

low, the transportation of a 4^-lncn telescope to 

300 miles above tnu earth's surface does not at ^resent seem 

r§ry  feasible.  Hü.vevar, tnere are many ways in eulon, on 
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tLt baals of our prsssnt-day kno*lsdgs and aeana» an 

artificial satellite oould ^roviae information not obtain- 

able from any other souroe.  Although the rocket research 

program has made great contributions to science, it aay be 

said that recket a, bsoauss of thdlr short stay at tht 

required altitudes, hars ailowsd us only a gllmpss of ths 

unknown, showing ths trsmsndoua possibilities Inherent la 

a continuous obssrvation station In outsr spaos. 

SOLAR RADIATIQI IM THS ULTRAYI0L2T AHD I-ÄAY UOIOI 

A aeasursment of great potential Talus to Yarious 

branches of scienos Is that of ths radiation In ths ultra- 

violet and X-ray region of ths s^sotrum reaching our ataos- 

phere from the sun and its corona. At present, we hare no 

olear knowledge of ths Intensity of this raalatlon dus to 

the fact that virtually all of it is absorbed by the atmos- 

phere. This r%ry  act of absorption produces rsaotions la 

our upper atmosphere that contribute substantially to ths 

formation of the ionosphere» ana therefore have a direct 

effect on radio communication. Tue effeot of tneso reaotlona 

~s propagated downward to lower levele and thus has an 

indirect effeot on the leather of our planet. 

An artificial satellite, able to aeasurs over an 

extended period of tiae not only the radiation entering ths 

atmosphere *hen the sun is ^ulst, but also the radiation 

emitted during solar flares and otner solar disturbances, 

«ouid be of vital help in the understanding of radio 
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blackout■ and sight provide a clue to tha correlation of 

Mather phenomena and specific solar activity. The con tin- 

uoua vertioal shifting of the ionised layers with latitude» 

season, and tima of da/ ma/ be explainable from these 

observations, in whioh oase better predictions for oomaunloa- 

tion purposes could be mode, further» measurements of the 

unabaorbed radiation in this spectral region woulu help the 

astronomer Improve hla deduction of th<* densities and 

temperatures preaent in the photosphere, chromosphere, and 

corona. 

The methods used to detect solar radiation in the 

atmosphere depend on the wavelength region of interest and 

on the altitude above the earth at which tnle radiation is 

observed. At an altitude of about <>50 miles practically the 

entire speotrum of radiation emitted by the sun and its 

corona should be present, since the air density is so low 

that only a small amount of the radiation could have been 

absorbed. 

Ultraviolet radiation in the interval between 2gU) 1 

and 3800 £ can be detected by spectrographe.**"' Below 

2000 & the preeence of ultraviolet and X-ray radiation can 

be detected by means of a tfcernolumineeoent phosphor, CaSO-iHn, 

whioh has the property of being sensitive to wavelengths below, 

but not above, 1340 I.* '    The excitation energy stored by the 

phosphor can be released by heating aaA  measured by means of a 

photoffiuitipliert thua the reeponse givee a measure of t&e ultra- 

violet radiation to which the phosphor was exposed. 
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X-ray and titnit ultrarlolst radiation oan ale© ba 

aeasured by photon oountere.^*' A T-2 roaket, fired In 

September 19491 oarrlad a aat of photoa-oounter tube* wnlah 

were aaniitirt to radiation in the soft X-ray and extras» 

ultrarlolst region* laoh tuba In auoh a aat reaponde to a 

narrow portion of the epeotral region In ona of the four band a 

oorering 0 - 10 i, 1100 - 1390 1, 1429 - 1*50 1* and 

1725 - 2100 £. 

'Day airflow" light In tha Tlolble ration of tha 

epeotru» at graat altltudaa oan alao ba obssrrsd by »tana of 

radiation dattotora prorldad with propar filtsrs. loeket- 

borna e^uipaent haa been uaad for alrglow otoeervationa In tha 

axparinanta oonduote* by Mllay."' if  information waa 

telemetered to tha ground, along with rookat orientation data« 

1UCTR0I DMSIf T XKASU&XKIR1 

NeasursBsnts of alaotron danaitlaa and thalr continuous 

variation with tint and halght play an Important part In tha 

study of radar and communication problems, tha effective 

frequency of collisions batwaan nautral and lonlaad partlolse 

in the atmosphere, whloh oan ba taken aa a measure of tha 

attenuation of radio war««, oan ba daduoad from alaotron 

dcnsltiss, if tha nautral particle danalty ml  tha effective 

collision oross-ssotions ara known. Ilsotroa danaitlaa ara 

rslated to ths total numbsr of lona prodaaad by tha relation 

from ths sun and ita atmosphsrs and alao to tha effective 

rsooabination oosffioisnt, whloh determines ths rats at which 

ions and eleotrons rsooxnbins to form nsutral atoms. All of 
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thia information Is naadad by tha uppar-alr phyt&ioist to 

advanoa our knowladga of tht lonoaphara and by tha aatronomar 

to adTano« our plotura of tha aun* 

Tht datarmlnation of alaotron danaltlaa In tht 

lonoaphara (tha ragion batwaan 70 km and 300 to 400 In) la 

aaaantlally baaad upon tha alaotromagnatlo wava propagation 

thaory. fha Applaton-Hartraa formula^ *'' givaa a ralatiom- 

ahip batwaan tha lndax of rafraotion of tha lonoaphara and 

tha fraa alaotron danaity, tha ralationahip balng a funotlon 

of tha fra^uanoy of tha alaotromagnatlo wava. Sy sanding 

two pulsaa, ona at auoh a high fra^uanoy that it haa an lndax 

of rafraotion of aaaantially unity throughout tha lonoaphara» 

and tha othar at a fra<juanoy wall abova tha critical fra^uancy, 

and by aaaaurlng tha diffaranoa in tlms of traral to tha 

ground of tha two pulaaa, it might ba poaaibla to gat a 

maaaura of tha total alaotron danaity along tha path« 

Saddon* ' from tha laval Haaaaroh Laboratory in 

Washington, D. 0« haa auooaaafully uaad a 01-fraquanoy ayatam 

with rookata. By aandlng a low fra^uanoy and lta multlpla 

(aay* aix timaa tha low fraquanoy) froa tha rooktt to tha 

groundi and obaarving tha shift in fraquanoy of tha original 

low ona at lta tima of arrival» ona obtaina tha lndax of 

rafraotion along tha path. From tha contlnuoua variation of 

tha rafraotion lndax with altltuda» tha oontlnuoua variation 

of alaotron danaity with altltuda oan ba daduoad. 

A aatslllta with tha aiapi« two-pulas systsm or a 01- 

fraquanoy ayatam oan glva a broad-aoala and oontlnuoua plotura 



P-733 

**V. 
of the total electron deneity or •thiokneee» of the ioaoaphere, 

a picture which at present can only be eetiaated by aeaae of 

Signale tent up from the ground and reflected fro« the 

ionoepherio layere, taoant experimental results attained by 

••ana of rookata indicate a large dieerepanoy betwaca the true 

height of theee ionised layere and the apparent height daduaad 

fron observatlone Bad« fros tht ground. 

Diffioultiee In interpreting tha data Bay artaa 

beoauee of tht oblique arrival of tha signals froB tha satei- 

lltt aa it approachee er reoedea from an observing station. 

These diffioultiee oan ba avoided with sounding rookata* 

PRKS8ÜRB, DIH8ITT AIS OOMPOSItlOI MIUUlIMBltl 

Iha thermodynamio atata of tha ataoephere la determined 

by a knowltdga of tha diatributlon of pressure» danalty9 aaan 

Boltoular waight and teaperature with altitude» It la not 

poeoible to measure dlrootly tha teaperature of a gaa aa 

tenuoua ae the atmosphere at 250 alles» eo that attention 

auat be foouaed on the other three parameters« Of theee three» 

the Boat difficult la probably the ooapositlon whloh leada to 

the determination of the Bean aolecular weight« 

Mass epeotrosetore hare been used in rocket reeearah 

and oan be carried in an artificial eateliite. With tha help 

of theee lnetrumenta it le possible to observe the same number 

of the ionised particles and their arelative abundance» though 

euch an experiment at the altitude of a eateliite would r+qfiir* 

a considerable exteneion of current techniques» particularly 

beoauae of the large mean free path of the air partlolea at 
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a^uipmant. 

01ran tht competition, aithtr by mtaauremant or dt~ 

ductd from thtorttioal oonaidaratione, tht remaining variable« 

necessary to specify tha thsrsodyruiaiG stats art tht prteeura 

and dtntlty. 

Tht preteure of tht atmoaphart haa bean measured 

directly up to about 100 km by gaugte etnaitlve to prttaure 

-6      (9) 
aa low aa 10  mm Hg. yi    Howtvtr» praaaurt g&ugte of higj&tr 

teneltivity (approximately 10   mm Hg) art under dtrtlopmamt 

and might ba uaed on a aattllltt vehicle to measure tha low 

praaaura that hat baan tttimatad to prevail at greater heights« 

Above 100 kmi ram praaaurt» oauatd by tha txtrtmtly 

high apttd of tht Tthioltt hat baan maaaurtd at tha noaa of 

a rookati and tht dtntltitt hart bttn dtrivtd from tütet 

measurements* tht greater apttd of tht aattllltt, which would 

ortata ram prateurea ecveral oritra of magnitude higner tnan 

tht ambient preeaure, would bt of advantage in praaaurt aeaaure- 

mtnta aa *ail at in maea epectroaoopy. 

A relatively eiaple experiment whlon ml0nt pay great 

dividende la the discharge of a large-volume, xow-^aaa apnorioal 

body, aay a balloon, poajioiy n^de OX uijtai foil, +rcm  lat 

satellite. TL*  drag force on aucn ^ boay# aiLo^i aj it Jii^fit 

be, \oula be lar^o compare! to IL<*  irj^, i'^rce un IU<J  aate^ite« 

If yjiOh ii  boiy ..ere to oe to.ved for u fe* rav^luZiou*,   tne 

tension on the to* line .vcula be a ceoi^urj oi' iu~  allftrtntlal 

irag dini coaii bt texoxeterea tc tr*e eartr* tu ^rjviae a±%a,  on 
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air danaity. If tha body wara than out fra* fro« tha 

aatalllta, tha diffarantial drift of tha balloon from tha 

body» at obaarrad froa tha earth, would prorida aaaauraaaata 

of tha air drlfta at thaaa art ran a altitudaa. 

Af tar tha balloon ia fraad froa tha aatalllta it 

would bo aubjaotad to tha motions of tha ataoaphara, an! tha 

parturbationa of the balloon*a orbit would parait aatiaataa 

of tha aaaa moranant of tha ataoaphara. 

Ona of tha attractive faaturaa of ajaoting a balloon 

froa tha aatalllta ia tha faot that *uoh information oould 

ba obtalnad without any talaaataring• tha ooaparlaon of tha 

orbit of ona aaallf hoary aatalllta with anothar larga, light 

aatalllta in tha form of a balloon9 aa datarainad froa ground 

obaarrationa alona» would proTlda dlraot aridanoa of at^ss- 

phario drag affaota at tha orbit altituda. 

COSMO BATS 

Brar ainoa ooaaio raya wara diacc arad aoaa forty yaara 

agoi ;}uaationa aaaooiatad with tha natura and origin of thia 

radiation hava baan among tha aoat intriguing in physioa« An 

anawar to thaaa ^uaationa aight giva a knowladga of tha highaat 

Toltaga ganaratira foroa in tha unlvaraa, and parhapa *r*n a 

battar insight into tha anolant ^uaatlon of tha origin of tha 

unlvaraa« A study of tha bahavior of primary ooaalo ray partloiaa 

would alao furthar our undaratandln* of tna fundaaantal foroaa 

whloh bind aub-atoaio partloiaa. 
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Rocket Instrumentation ha« yielded eporadlo obeerva- 

tlona of primary oosmio rayar  * an artificial satellite at 

great altitudes making prolonged observations would be the 

ideal research tool in this field bcoauae it has the ability 

to rapidly surrey the Intensity distribution of incoming 

primaries, and consequently the effeot on then of the earth1s 

magnetic field. Tine variations of oonmio ray intensity can 

be sensed from suoh a satellite, an observation which would 

hare an important application in studies of ths correlations 

between solar and geomagnetic activity. 

Observation» of heavy primary particles such aa protons, 

alpha-particles, mA  hsavlsr nuclei are made by means of cloud 

chambers, Ionisation ohaabers, Geiger counters, Geiger 

telescopes, and photographic emulsions (ths lattsr requiring 

physical reoovery of the film)* 

THS ALBBX) 0? THI lABffH 

To date, reflection of sunlight by the earth has been 

calculated from estimates of the reflection from clouds, ooc*ne, 

snow fields, forests, «to./ ' or by ths earthshins reflected 

from the darv side of the moon/ ' Theee techniques, useful 

as they are, have serious limitations, as discussed by frits/ ' 

▲ satellite vehicle would have an unobstructed view of the 

earth and slgr, so that the radiation reaching the earth from 

the sun and the radiation reflected from the earth back into 

spaoe could be measured« 

The measurements taken from a bolometer pointing toward 

the sun would provide a dlreot determination of the so-called 
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solar oonatant, and possibly information as to its variation« 

(13) 
The naaaursasnt of tha inoowing tntrgy» tha rafltottd* "  and 

baok-soattsrsd tntrgy, and tha outgoing long-wara radiation 

ffoull provida tha naoaaaary tntrgy data for atudlts of tha 

thsrnodynaaio atata of tht aarth and lta ataosphsra. An 

aoourats kno»lsdgt of tha tntrgy bala^ua of tha sarth-ataoaphars 

ayataa for avan a ahort pariod would do auoh to advanoa our 

knowladgt of tha tntrgy oonvaraion naohaniaa of tha aarth* 

atnoaphtrt ayataa. 

0B81ETAII0I Of MBIXOU 

Ntttors art obatrvtd fron tha ground by tha vlalbla 

light and ionlzatloK thay oauaa whan antaring tha aarth9a 

ataosphsra. High-apaad talaaoopa oaaaraa and radar t^uipatnt 

art uaad for obaarring thaaa sfftota.*i4ti5,:L*) Tha brightnaaa 

of an individual mat tor ia dataminad by ooaparison with a 

standard brightnaaa—that of tha sun or a atar. fha bright- 

ness is nsaaursd in tarma of atallar aagnltudta. lor axaapla» 

tha sun has a aagnituda of -27«7• tha full noon of -12, and 

Ytnua, at its brightsat» of -4* Ihs radar algnala aant up 

fron tha ground art rsflsotsd fron ths Ionisation trail of tha 

astsor or froo tha oloud of alaotrona around ths largo atttoroida.^ '' 

It is obvious that anoraoua dlffloultlaa art tnoountarad 

in dttaixining tht nu&bar, nasatt, and danaitlaa of ntttora 

snttring tha tarfch'a ataoaphart ptr dayt on tha baaia of thaaa 

rathtr limitti obssrvations. Ttltsoopt oaatrua oovtr only a 

small rtgion of tht sky at a tias, and also art 11*1 tad aa to tha 

ordtr of aagnituda to «hioh thty oan att. Eaaar obssrvations art 
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hampered by the faot that for «Bail particles tnclr path 

must be perpendicular to the beams otherwise no signal trill 

be returned* 

8everal pieoee of information are missing in in the 

study of meteors which would greatly advance thie partloular 

phase of soientlflo endeavor.  First, from a determination of 

the total number of partiolee whioh impinge on an artifiolal 

satellite of a known exposed area during a known time interval» 

the total amount of duet entering the atmosphere oould be 

calculated. There is rsoent erldenoe that more dust enters 

our atmosphere than we hare eo far assumed, the old question 

may be answered of how much, if any» of the dust causing the 

sodiaoal light sffsot drifts down to us. Observations made by 

the satellite during the time of known meteor shower occurrence 

would be helpful. Information on velocity and direotion of 

partiolee» if it oould be deduoed from lmpaot measurements» 

would add greatly to our knowledge of these showers. 

There le a more or less permanent component of the 

B-layer» present at night ae well as during the day» whion has 

reoently been exploited for THJ radio propagation. Part of 

this ooaponent ie probably due largely to meteor Ionisation» 

though there la some question about the meohanlsm and ths 

number of meteors whioh are involved.  Actual observations of 

meteors in the small sise range would improve our understanding 

of tne phenomsna in this important at** field of raalo communication. 

Tne impact of meteorites and micrometeorltes on the skin 

of an artificial satellite oan be measured by means of microphones« 
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Tht n«thod of d«t«otion i«v«lop«d at Teaple Unirereity*  ' for 

rooket experinent« it to ue« a tun«d anpllfi«r and a oryetal 

«cicrophone having a p«ak r««pona« at th« aast fr«^u«noy aa 

that of tli« tuatd amplifier. It« infcraation dan be tele- 

net«red. The nunber of pipe obeerved la th« t«l«a«t«r«d reoord 

would giv« th« nuab«r of duat partiolee enoounter*4 by a known 

ar«a orar a known parlod of tine« 8om« orientation informa- 

tion would b« ra<i*ired» 

A nor« «laborat« «x^«rlnant could b« d«vle«d whioh would 

giv« data on «is« and p«n«tratlon of n«t«oroid». for «x*a*le, 

if a «uoo«a«ion of diaphragae» eaoh of whioh would aot like a 

miorophon«, war« expoejd to a «warn of anall meteor«, th« front 

dlaphragn would r«oord all iapaota. At th« aaa« tin«» It would 

b« pl«ro«d by th« net«oroide with higher energy« th« naxt 

dlaphrafn would raoord the««, and would in turn ba pleroed by 

th« aor« penetrating one«. Depending on th« arrangement • oh« 

oould obtain a rough frequency distribution of th« p«natration 

oharaoterietio« of n«t«ora ov«r a rang« of p«n«tratlon thiok- 

n««««a. This «oham« 1» pr«s«nt«d n«r«iy to «how what night ba 

lone. Th« data obtained by thi« n«thod would b« «xtr«a«ly 

valuable in th« interpretation of meteor «tudi««. 

Other type« of information oono«rning meteor« «an ba 

obtained by une of a «oi«ntific aatalllt«. Artificial nateorltaa 

oan be ejeoted froa the Tehiole by neana of «haped ohargea«  It 

hao been «ugg««t«d that a 10-lb oharge will produoe a apr%y of 

«mail j,artlol«a of varioua alt«« whioh will aor« with T«looltl«a 

oomp*rebl« to the velocity of neteor« «nt«ring th« «arth1« 
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atmosphere from outer space. A« these artificial meteors 

9at§r the isn^er portion of the atmosphere» they «ill produos 

risible light and Ionisation between 100 and iOO  km, defending 

upon their eiie and the density of the material uesd. lae 

risible radiation and the ioniaatlon oan be obesrvsd from the 

ground.  It should be added, however, that euoh an experiment 

oould probably also be done by a sounding rooitet which attained 

relooitiee and altitudes similar to those of the satellite. 

UA3URIMUT OF IH1 £ABZHV8 MAQKTIC fIJELD 

Two obTiouslj important applications of magnetic field 

measurements oonesrn studiee of oosmio reys anu studies of ths 

intsraotions between magnetic disturbances and the conditions 

in the ionosphere. Sinoe the earth's magnetic field has an 

influence on moring charged partioiee, it ie clear that it 

influenoee incoming protons, alpha particles9 and possibly 

electronsi whioh make up the primary oosmio rays. 

Moreover, there are vsry significant variations in tnis 

field due to complicated interactions bet«sen tne motions of 

charge» in tne upper atmosphere and the geomagnetic field 

itself.  It has frequently been pointed out that the einde in 

the ionosphere, *hloh oarry charged partioiee acroes tne magnetic 

liaee of force, ma*a the ionosphere behave like an electric 

generator.  y'  •  ' The currents wnich are generated then 

produce magnetic fleide, whioh are measured at the earth9e 

eurfaoe ae perturbations on the steady field.  Tnees perturba- 

tions beooae particularly notioeaoie during "magnetic storms,■ 

and cay amount to as much as 10 g^r  cent of the ^eraiAuent component. 
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The distribution of the«« alactrio currant« and *lnA 

aystan:« la only partially undaratood, and It la cartain fcbat 

such oouli ba laarnad about tbaa fro« bigb-altituda aagnatio 

obaarrationa. In fact, tba axiatanoa of a "currsnt abaat* 

batwaan 80 and 90 ka naar tba gaoaagnatio a^uator baa alraady 

been daaonatratad by auob a taobni^ue with a sounding rookat«**'' 

It would probably ba particularly uaaful to follow tba wbola 

couraa of a aagnatic store fro* tba altituda of a aataliita. 

A rookat-borna total fiald aagnatoaatar baa baan 
(1Q) 

darelopad and uaad by Mapl«, Bowan and Slogan* 9i  and by 

Fraaar.** ' Thin darioa la lndapandant of tba orlantatlon of 

the vabioia. Tb« aaw Tarlan nuolaar raaonanoa aagnatoaatar la 

daalgnad to giva good accuracy witb laaa waigbt. tba Tarlan 

darioa ha« not yat baan taatad in roclcata* Sltbar of tbaaa 

daTiota oould oonoalrably prorida talaaattrad data on tba aartb9a 

aagnatic field at tba location of tba aatalllta. 

AITIFICIAL 3IBDI10 Of fHI ATMOSPHDl 

for battar or woraa, it baa alwaya baan man9a daaira to 

oopy natura. Satura id baing ooplad in tba laboratory all tba 

tlaaj howarar, tba obaaloal laboratory baa not yat baan axtandad 

into outar apaca. Kany of tb« laplloationc of artificial 

atoding conducted in tba fraa air in an unboundad obaabar and 

uruar oondltlona of praaaura unattalnabla in tba laboratory bar« 

baan pointad out by J. Kaplan, of tba Unlraraity of California, 

LOJ Angwlaa.  31nca rookata hava baooa« availabxa aa raaaarab 

tool«, artificial aaading, 1.«., tba apraying of aatarlal lato 

tha atmoaphara at blgb altituda«, baa baan aada poaalbla. 
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The raasone for the great intereet In thie new area of 

reeearoh are manifold» Chemical ana photoohcmioal reaction* 

which ooour at high altitude» art tht backbone of all theoretical 

reeearoh of the nppar atmosphere, «Moh trite to explain and 

eventually to prediot the obacrved phenomena. Theae reaction«, 

which change not onl/ with altitude but aleo with the tine of 

day, the aeaeone, and latitude are complex, and relatively 

little la known about then. Baaed on knowledge and great 

ingenuity» aeoeptable explanation* for some of the obeerved 

phenomena hare been made in the paat.*'***' Certain experi- 

ment* performed under epeoified oondltiona and obeerred from 

the ground would further our knowledge in thie field. 

far example9 in 1950 David Bate* of the University of 

Belfast submitted a propoaal to the Rooxet Panelv Jf  suggesting 

the artificial altering of the amount of atomic «odium in the 

upper atmoephere. It ia a well-known fact that a part of the 

twilight and the light of the night eky 1* produced by sodium 

atom* emitting radiation in the risible region of the spectrum. 

Sodium has a low excitation potential and «mite light in the 

vieiblc region of the epeotrum whloh can be obeerved from the 

ground. Mature haa provided ue with eodlum atoae in outer s*aoe 

from unknown eouroee. From a high-altitude vehiole we ooulü add 

a few more of theee atoma and determine the concentration ncoee- 

eary to produce the observed effeote. In fact, tnc fire* 

experiment of thle type ha* been performed very recently from 

a aounding rocket» and vlelble light ha* been observed (unpuollened 

locket Panel Report). 
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eSOSSTIC MIASGXIMIIT8 

Although the most obvious usss of In« satellite 

vehicle arc thoss connected with imploring the u*per atmos- 

phere and the space beyond, A T«ry Important function would 

also be to aaalat In determination of tue aha,e» alaa9 and 

constitution of the tarth itsslf. Thsss laat dstsrninationa 

would require no telemetering of data from the satellite| the 

only requirement would ba to traok the aataliita with great 

aoouraoy. 

An improvement of our knowledge of ths ehape and aiaa 

of the earth has been the goal of International geodesy for 

»*ny years. More preoiec knowledge of the gravitational field 

of the earth would permit ua to determine »ore aoourately tha 

distribution of mass in the earth9« oore and might help 

indlreotiy to answer problems having to do with tha structure 

of the earth» the viecoeity of the oore» eto. These extremely 

complex problems will always intrlgus gsophysiolets, slnoe 

they are ao basic to a knowledge of the origin of continent*» 

the earth's magnetic field» .he behavior of the earth9s crust» 

the flux of internal heat» etc. 

A great deal of our knowledge about the density of ths 

earth's core and about the dimensions of ths earth is derived 

from careful astronomical observation of the disturbance of 

the moon's motion. Specifically» there are three effects of 

the earth's asymmetry on the noons^  ' a monthly perturoation 

of the moon's latitude» a stsady advanos of tne perigee» and a 

steady recession of ths node. The last two «ere ilscvTsred only 



P-733 
9-6-55 

1<3. 

reoently, because they are partly masked by the much larger 

effects of the sun's gravity. In addition to tnese disturbances, 

the time of transit of the soon over various points on the 

earth gives a measure of the distances between these points 

(provided «re oan know some of the other dimensions very 

accurately).  In this way, for example, one oan estimate tue 

distance between continental where It Is obviously Impossible 

to extend a conventional geodetic survey. 

An artificial satellite, If It oouli be seen clearly 

during the twilight period, «ould have several advantages over 

our natural satellite. It is smaller, ana so measurements of 

Its position oan be much more , seise| it Is closer to the 

earth, which means that its motion will oe mure affeoted by tne 

earth than by the sun's gravitational foroe; it travels around 

ths world faster, so that one oan get more observations in a 

given time) aril the fact that its orbit oan be tipped more *ith 

respect to the equatorial plane will result in a larger perturba- 

tion of its motion, which will give more preoise aata on the 

earth's asymmetry. 

Established observatories now spotted over the &lobe 

would offer ideal sites for these observations.  Thej would have 

to Install neA equipment or modify tneir telesoopes to track 

the rapidly moving satellite, and tnis would require a considerable 

redesign of tha driving mecnanisms.  In other rsspeots the 

Probleme associated with this kind of observation are familiar 

to astronomers. 
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COSMIC AMD SOLA£ HIOH-?R£«USliCI RADIO KOISI 

The use of "radio telescopes" has in a short time added 

greatly to our knowledge of the universe and tne structure of 

the sun. Trie radio spectrum is in a^ny ways more useful than 

the visible spectrum for astronomical studies. However* the 

ionospheric cutoff of electromagnetic **vea of irj^u^ncy below 

3 Mc la tantalizing to the radio juitronomare. Many studies 

cannot be completed until the spectrum of cosmic radio noit»e 

can be extended down into the high-frequency» and even low- 

frequency i part of the radio spectrum. To cite OüJ oase in 

point» it has been suggested that the sun emit* radio *ave* at 

a very lo* (audio) frequency! with waveljngtna corresponding 

to the dimensions of the sun itself« Although there are 

several serious objections to this suggestion» such as the 

fact that the "classical" magneto-ionic theory predicts that 

these vavee cannot be propagated through interplanetary space» 

there are still some phenomena which suggest that these radia- 

tions may exist«  The worx of astronomers and ionospheric 

physicists will profit greatly from a look benind tne "ion- 

curtain" cf the t^-layer at tne raaiatione wnich lie beyond. 

Receivers ani antennas which could be sent aloft on a 

satellite to meajure the hi^h-fre^uency ana low-frequency 

spectriu below 5 Mo vould be relatively easy to desi6n.  The 

antenna» for example, coull be a wnip antenna» extended after 

tne vehicle *a* on orbit» and *ould be matcnea to tue vehicle 

itself (preeumabiy a conductor), so t^at it *oulu have a 

reasonably high gain.  If the antenna *erj very long, there 
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would be a possibility of iirection-fir^ir^ by noting a signal 

null as the vehicle rotated« The weight of a^ul^mtnt neoeseary 

to extend auch an antenna is prohibitive9 at presents never- 

thelese, by auoh a technique, provided there were orientation 

Information, ona could determine whether the aouroe of radio 

emission was the sun or some "cosmic" source. In the case of 

low-fra^uency signals, diffraction around tna aartn *ould 

supply directional information. 

The actual fra^uancies eeleoted for atudy should cover as 

wide a range aa possible.  Individual frequencies oould be 

received simultaneously and aorted out on the ground by a 

haxuonio analysis, or the satellite receivers couia be tuned 

or switched in frequency. 

GEHERAL COKCLüdlOMS 

The foregoing has been neoesaarily a brief summary of 

the general areas of study which ara about to be o*aned up 

with the advent of tne first artificial satellite•  The poe- 

slbilltiee for growth in thla field are unlimited, anu man is 

entering an era in which new ideas, new techni^uej, and new 

diecoveries will help to advanoe hia kno <iaige in many dif- 

ferent fielde of sclanoe. The first satellite will probably be 

fairly limited in payload and performance, and the observations 

may be meager, but it will be a milastone in technical develop- 

ment for tha advancement of aciance. 
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